(15 X 30) alloys have been studied to explore their suitability as phase change materials for nonvolatile memory applications. The phase change characteristics of thin films prepared by a Radio Frequency (RF) magnetron co-sputtering system were analyzed by an X-ray diffractometer and 4-point probe measurement. A phase change static tester was also used to determine their crystallization under the pulsed laser irradiation. X-ray diffraction measurements show that the transition in sheet resistance is accompanied by crystallization. The amorphous state showed sheet resistances five orders of magnitude higher than that of the crystalline state in Sn alloys for crystallization was 160, 140, 150, and 30ns at 15mW, respectively. The crystallization temperature and the minimum time for crystallization of thin films were increased by increasing the amount of Sn, which is correlated with the activation energy for crystallization.
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Introduction
Phase change materials, namely chalcogenides, 1) enabled data storage such as optical mass storage device and phase change random access memory (PRAM) 2) by using its optical or electrical switching property upon phase transition. Due to the rapid switching between the amorphous and crystalline states, PRAM is considerably faster than flash memory by more than ten times and could be even less expensive in production because of its simple fabrication technology and structure.
3) The drastic drop of sheet resistance based on the percolation which is the process forming electrical conducting channel during crystallization. 4) PRAM is equipped with great potentials such as low power, high speed, robust durability, and non-volatility. However, such applications still demand advanced materials to guarantee high speed, low power consumption and reliability of device, which could be realized by control of phase transition behaviors such as rapid crystallization, easy amorphization, and reinforced phase stability of phase change materials. There has been relatively less work done on SnSe thin films grown by magnetron sputtering. In this study, we report on the structural and electrical properties of Sn X Se 100-X films.
Experimental Procedure
Sn X Se 100-X (x = 15, 20, 25, 30) films were deposited by radio frequency magnetron co-sputtering system (SNTek, Korea) on Si (100) wafers and slide glasses by using Sn (99.99%, RND KOREA, Korea) and Se (99.997%, RND KOREA, Korea). The base pressure was 5×10 -7 Torr and working pressure was adjusted to 1.5 mTorr by flowing Ar (6N, Seoul gas, Korea) through a mass flow controller. Deposition rate of films was controlled by applying different RF-power to each target. Targets were presputtered for 10 minutes in order to remove oxidized surface and contaminations. The substrate holder was rotated at 20 rpm for homogenization of the thin film thickness and composition. As-deposited films were annealed in Ar atmosphere for 10 min at 100~350 o C at a heating rate of 5 K/min. The crystal structure was analyzed by X-ray diffractometer (Rigaku D/MAX II A, Japan & Philips X'pert MRD, Philips, Netherlands). The phase transition behavior was observed by laser irradiation using a static tester (Nanostorage Co. Ltd., KOREA) in nanosecond scale. This is a typical property of an amorphous phase. As deposited SnSe films are at amorphous states, as Se might have reinforced the amorphous stability of films. The XRD spectra of crystalline SnSe films show an increase in the intensity of the (111) peak with increasing amount of Sn. This could possibly be explained by the decrease in surface free energy.
Results and Discussion

Phase transition characteristics
5)
3.2 Sheet resistance of SnSe alloys 10 Ω/□, respectively. However, they decreased slowly to about 2KΩ/□ after crystallization. The smooth decrease of sheet resistance in the region between 150 and 250 o C might be based on the crystal growth which strengthened conducting channel and decreased sheet resistance.
6) As the amount of Sn increased, phase transition temperature increased but phase thermal stability was improved. Also, the margin of resistance between amorphous and crystalline Sn X Se 100-X (X = 25, 30) thin films was increased.
The decrease in sheet resistance upon annealing for Sn X Se 100-X film is indicative of a semiconductor like behavior in the crystalline state.
7)
Crystallization behavior
To investigate the phase transition behavior in the scale of nano-seconds, static tester was employed. Fig. 3 depicts the PTE (Power-Time-Effect) diagram 8) of Sn X Se 100-X films, which reveals reflectivity with laser conditions. The reflectivity change, optical contrast (△R) is defined by the following equation: △R = (R after -R before )/R before , where R before and R after indicate the reflectivity before and after irradiation, respectively. The magnitude of △R is illustrated by different colors in the PTE diagram. 1 st blue region presents that there were no changes of △R since the condition of applied laser was insufficient for crystallization. When the laser power or pulse width increased, red region presents that reflectivity changes upon crystallization.
In the case of Sn 30 Se 70 film, relatively fast and easy crystallization occurred with short pulse width and low laser power. However, other films were hard to crystallize. At high laser power and long pulse width, ablation ( 
Conclusion
In this study, Se result in high crystallization temperature meaning that selenium might have acted as amorphous stabilizers. Crystallization of Sn 30 Se 70 film was carried out in a short time. Furthermore, the difference in sheet resistance between amorphous and crystalline states was more than 5 orders of magnitude. When doing a unit conversion, this alloy has a higher resistivity in the crystalline state compared with the resistivity of reference materials such as Sb based. This indicates that Sn 30 Se 70 film could possibly minimize the reset current of PRAM devices. Therefore, Sn 30 Se 70 would contribute to fast operation and low power consumption device in PRAM application.
